ABSTRACT: Are seagrass-associated communities static? In order to measure the ability of seagrassassociated macrofauna to colonize 'empty' habitat patches, we studied the colonization of artificial seagrass, a natural seagrass mimic. In 2 separate experiments, we measured colonization (1) over a time series of 0.5 to 16 d and (2) over a distance series of 0 to 15 m from the source pool of colonists in a seagrass meadow in the Indian River lagoon, Florida. Colonization over time was rapid. Abundance and species richness peaked in 4 to 8 d , while abundances of individual species continued to fluctuate. Colonization was rapid at all distances from the seagrass bed. Although gastropod abundance decreased with increasing distance, abundance of crustaceans increased with distance. At the margin of the seagrass bed, gastropods and crustaceans colonized in approximately equal abundance, whereas 15 m from the bed, crustaceans colonized 6 to 8 times as abundantly as gastropods. Relative to natural densities, the dominant crustacean Cymadusa compta (Amphipoda) colonized 38 times as abundantly as the dominant gastropod, Bittium varium. We attribute this increased crustacean colonization far from grassbeds to the 'nearest refuge' hypothesis, but also suggest an alternative predation hypothesis. Thus, seagrass-associated communities are not static. The short time scale of these experimental colonizations implies that the maintenance of strong correlations between plant and animal abundances in seagrass meadows requires strong pressures to counterbalance such rapid immigration (e.g. intense predation and/or habitat selection).
INTRODUCTION
Are benthic communities static? In seagrass meadows, if individuals are removed from a localized patch of seagrass, how rapidly do other individuals colonize such defaunated patches?
Concepts of the structure of the marine benthic communities are usually based on the implicit assumption that benthic animals are relatively stationary over time scales ranging from weeks to years. Recent evidence, however, has demonstrated instead that some epifauna are quite motile, can colonize habitats rapidly (Gunnill 1982 , Bell & Devlin 1983 , Bell 1985 , Leber 1985 , and have high turnover rates (Howard 1985) .
In seagrass meadows, many of the macrobenthic animals associated with seagrass blades are motile crustaceans and gastropods. They generally move up and down seagrass blades while feeding on associated plants, animals, and organic matter, and serve as a major energy link to higher trophic levels in seagrass ecosystems (Young & Young 1978 , Nelson 1979a , 1981 , Stoner 1980a , Livingston 1982 , Virnstein et al. 1983 , Leber 1985 . In order to measure the degree to which macrobenthic animals can find and colonize 'empty' habitat patches, we studied colonization of artificial seagrass (ASG) clumps. Artificial seagrass mimicked natural seagrass and was colonized by a similar suite of species (Moulton 1971 , Macan & Kitching 1972 , Soszka 1975 , Barber et al. 1979 , Fitzhardinge 1983 . We here compare the colonization of several types of substrata and examine the colonization sequence over time and the effect of distance from source of colonists. Our results demonstrate that seagrassassociated epifauna extensively colonize habitat patch islands (ASG clumps) within days at distances of at least 15 m from any seagrass.
STUDY AREA AND METHODS
The Indian River is a shallow lagoon (1.5 m mean depth) extending 182 km along the east coast of Florida, USA (Fig. l ) , with extensive seagrass meadows in some shallow areas. At the Link Port study site, 79 % of Fig. 1 . Location of study sites in relation to seagrasses in the Indian River lagoon, Florida. Approximate placement of artificial seagrass clumps is indicated by small crosses a 15 ha mapped area is covered by seagrasses, comprised of Syringodium filiforme (47 % ), Halodule wrightii (24 %) , and Thalassia testudin um (8 %) (Virnstein & Carbonara 1985) . We performed 2 separate experiments at 2 different sites. The colonization rate experiment was conducted 40 m north of a peninsula adjacent to the Harbor Branch Foundation laboratories (27'32.1' N. 80'20.9' W; Fig. 1 , Site A). ASG clumps were set out on a narrow sand patch near the border of a Thalassia testudinum bed, with Syringodium filiforme and Halodule wrightii nearby. Water depth was 0.5 m. The colonization versus distance experiment was conducted 500 m further north, where a large bare-sand area is adjacent to an extensive seagrass meadow (water depth = 1.0 m; Fig. 1, Site B) . This sand/seagrass interface was relatively straight, distinct, and perpendicular to tidal currents (typically <8 cm s-'). During this study, water temperature ranged from 26 to 31°C, and salinity ranged from 25 to 30 %o.
We used clumps of artificial seagrass (ASG) as con- We anchored shoots in a thin layer of cement in 9.5 cm diameter, plastic Petri-dish lids and usually poured a thin layer of epoxy resin on top of the cement to secure the blades. Deployment and recovery of clumps was rapid and simple. Clumps were set out on the sediment surface and later retrieved by gently lifting them a few centimeters off the sediment surface and then quickly scooping them up to the water's surface with a 30 cm diameter 0.5 mm mesh sieve. We put each clump and contents of the sieve in separate containers and returned them to the laboratory. There, we washed animals from clumps with a stream of tapwater (with nearly 100 % efficiency, based on subsequent inspection of a few clumps) onto a 0.5 mm mesh sieve and transferred all retained material to 70 % ethanol. Animals were then sorted, counted, and identified.
Comparison of substrata. For comparison with the epifauna of these 'standard' ASG samples, collections of 3 additional substrata were made at Site A ( Fig. 1) : narrow-bladed ASG clumps, natural Thalassia testudinum, and defaunated clumps of macroalgae. All were collected on 22 July, 1982. The 2 types of ASG clumps (n = 5 of each) were set out for a colonization period of l d. Clumps of both the standard (blades 5 mm wide) and the narrow-bladed ASG (blades 1.25 mm wide) had the same total surface area. The only difference was that narrow-bladed ASG clumps had blades slit lengthwise into 4 narrow blades. Thus we had ASG clumps similar in morphology to T. testudinum ('standard' ASG) and Halodule wrightii ('narrow' ASG).
Quantitative collections (n = 5) of natural seagrassassociated fauna were made in the adjacent Thalassia testudinum bed using an epifauna sampler designed to sample only seagrass blades and associated fauna (Virnstein & Howard unpubl.) . Samples were placed in 10 % formalin, returned to the laboratory, and washed on a 0.5 mm mesh sieve with a strong stream of tapwater to remove associated motile macrofauna, which were then stored in 70 % ethanol prior to sorting, counting and identifying. Seagrass blades were dried at 60°C and weighed. Surface area of grassblades in each replicate was calculated from blade biomass using the surface area:biomass ratio of 515 cm2 (g dry wt)-I from Stoner (1980b) . Abundances of macrofauna were then standardized to numbers of individuals per plant surface area (ind 1 0 0 0~m -~) .
Because T. testudinum samples had larger plant surface areas than ASG samples, numbers of species on T. testudinum were rarefied (Heck et al. 1975 ) based on the mean number of individuals expected in a T. testudinum sample of 1000 cm2 surface area (the same surface area as an ASG clump).
Colonization of drift algae, primarily Gracilaria spp., which are at times very abundant in the study area (Virnstein & Carbonara 1985) , was also compared to that of ASG. Individual plants of a red alga (Gracilaria tikvahiae) grown in culture were defaunated by dipping in freshwater and shaking vigorously (>g5 % removal efficiency), trimmed to uniform weight with a surface area equivalent to that of an ASG clump (based on a surface area:biomass ratio of 272 cm2 (g dry wt)-l; Stoner 1980b) and placed in the field for colonization. These clumps (n = 5) were held in place on the sediment surface by small wire wickets. After l d, they were collected in the same manner as ASG clumps and transferred to formalin. In the laboratory, these clumps were processed in the same manner as the Thalassia testudinum samples.
Rate of colonization. In the colonization rate experiment, 30 ASG clumps were set out and recovered during the period 6 to 22 July 1982 at Site A (see Fig. 1 ). We set out clumps on bare sand, 0.5 m from the edge of the grass bed and 0.5 m from each other. Collection time intervals were 0.5, 1, 2, 4, 8, and 16 d. For each time interval, we collected 5 replicates from randomly-assigned positions.
At each recovery time, we measured abundance of epiphytic algae on the ASG blades by scraping 6 blades (2 each of 8, 10, and 12 cm lengths) with forceps after gently rinsing them with distilled water to remove salts. Material removed was dried at 60 "C and weighed.
Colonization versus distance from source pool. The second major experiment was designed to examine any differences in colonization with increasing distance from the source pool of colonists (i.e. from the adjacent seagrass meadows). In the extensive adjacent sand patch, we set out clumps of ASG various distances from the sandheagrass border (Site B, Fig. l To determine whether colonizing animals came from seagrass beds or were residing in unvegetated sediments near ASG clumps, four 8 cm diameter cores 5 cm deep and four 0.1 m2 scoops of the top 1 cm of sediment were taken in the area 15 m away from the seagrass at each of 3 times: 1000 h, 2100 h and 0200 h. Samples were washed on a 0.5 mm mesh sieve and processed as described above.
Data analysis. For all analyses, we considered only the motile macroepifauna. We excluded strictly sessile species (e.g. barnacles and bryozoans), infauna (e.g. bivalves and deposit-feeding polychaetes), and those taxa normally considered to be meiofauna, which were not adequately retained by our 0.5 mm mesh sieve (e.g. nematodes and harpacticoid copepods). All abundances were standardized to uniform plant surface area (individuals 1 0 0 0~m -~) .
To compare community composition between various times of collection in the colonization rate experiment, 2 similarity indices were used. Serrensen's (1948) Quotient of Similarity (QS) is a qualitative, presence/ absence index which compares species composition, measured as mean percent of species common to 2 collections. The second index, rho (van Belle & Ahmad 1974), is a quantitative index which compares relative abundances of CO-occurring species and measures the similarity of species dominance between 2 collections. For these similarity analyses, totals of the replicates from each collection (treatment) were used, with species represented by a single individual eliminated.
To compare epifaunal abundances in the various treatments (times or distances), l-way analyses of variance (ANOVAs) were used. Where significant differences were indicated by the ANOVAs (a = 0.05), individual means were compared using the a posteriori Student-Newman-Keuls multiple-range test (Sokal & Rohlf 1969) . Rate of colonization
RESULTS
The fauna of colonized Day 16 ASG clumps and natural Thalassia testudinum had 7 9 % of their species Comparison of substrata in common and 75 % dominance similarity (Table 1) . Again, Bittium varium was dominant in both collecHighly similar suites of species were found on all tions. substrata, both natural and artificial. Faunal differences were mainly ones of relative abundance, e.g. greater dominance of gastropods (the top 5 species) on Thalassia testudinum (Table 1 ) . Therefore, the fauna Colonization of ASG clumps was rapid. Over the first that colonized ASG clumps provided a reasonable re-4 d, abundance and species richness increased presentation of the fauna on natural macrophytes.
linearly, at rates of 62 ind d-I and 6 species d-l. Both In comparisons of faunas in the three 1 d colonizanumber of individuals and number of species reached tion collections, the standard-width ASG was highly maximum values and leveled off in 4 to 8 d (Fig. 3A) . similar to both narrow ASG and Gracilaria tikvahiae, Abundances of individual species, however, fluctuwith 80 and 96 %, respectively, of species in common ated more widely. For example, the 2 most abundant and 96 % dominance similarity (Table 1) . In all 3 colspecies (Bittium variurn and Cymadusa compta) lections, the top 10 numerically dominant species reached maximum abundance after 4 to 8 d and then included: the gastropod Bittium varium, the amphipod declined significantly (Fig. 3B, Table 2 ); in contrast, Cymadusa compta, the shrimp Hippolyte pleuracanthe next 3 most abundant species (Hargeria rapax, thus, the isopod Cymodoce faxoni, and the gastropods Caecum pulchellum, and Crepidula convexa) conCerithium muscarum and Nassarius vibex ( Table 1 ) .
tinued to increase in abundance (Fig. 3C, Table 2 ). H. pleuracanthus were rare in the later, Day 16 and One measure of community development is the rate natural malassia testudinum collections.
of change in community structure. Both species com- position (as measured by the quotient of similarity, QS) and relative dominance (as measured by rho) of the developing community rapidly and continually approached that of the final, Day 16 community (Fig. 4) . Although Bittium varium and Cymadusa compta colonized in roughly equal numbers (Fig. 3B) , there were large differences between these 2 species relative to natural densities. B. varium colonized ASG in densities approximately equal to those naturally occurring in the adjacent seagrass bed. The ratio of B. varium density (per 'plant' surface area) on ASG clumps (mean of Days 4 to 16) to that on Thalassia testudinum was 1.2:l. In contrast, C. compta colonized ASG in densities far exceeding natural density; the co1onized:natural density ratio was 46:l. Thus, compared to natural abundance, C. compta colonized ASG disproportionately faster than did B. variurn. 
A -24

Source of colonists
The source of colonists was primarily the surrounding seagrass beds, not the adjacent sediment. Densities of seagrass-associated animals were very low at the unvegetated sand site 15 m from seagrass beds ( Table 3) . Of the 10 most abundant species colonizing ASG, only the gastropod Caecum pulchellum was abundant in the sediment.
Colonization versus distance Related perhaps to the increasing abundance of certain species, was the increase in abundance of epiColonization of ASG clumps was rapid at all disphytes on ASG blades (Fig. 5) . Rate of epiphyte accutances from the adjacent seagrass bed and at both times. After 1 d, ASG clumps averaged 67 individuals and 14 species. After 4 d, each clump had a mean of 157 individuals and 19 species. After 1 d, total numbers of individuals and number of species exhibited no consistent pattern with distance from the seagrass bed (Fig. 6A) . Total abundance at 15 m (63.5 ind clump-') was not significantly different than that at 0 m (81.2 ind clump-'). Gastropod abundance declined with increasing distance, while crustacean abundance was least near the seagrass bed (Fig.  6B ). This combination of decreasing gastropod and increasing crustacean abundance resulted in a change in the ratio of abundance of crustaceans-to-gastropods (C:G ratio) from 1.2:l at the seagrass border to 5.8:l at 15 m. This pattern was primarily due to the top 2 dominant species, the amphipod Cymadusa compta and the gastropod Bittium varium. Abundances of these 2 species were the same at 0 m, but at 15 m, abundance of C. compta increased 59 % and B. varium decreased 83 % (Fig. 6C) .
After 4 d , patterns of abundance were more clearly established. Both numbers of individuals and numbers of species exhibited a trend of increasing with distance from the seagrass bed, with maxima at 5 m (Fig. ?A,  Table 4 ). Crustacean abundance increased with distance from vegetation (Fig. ?B) , and was significantly greater at both 5 and 15 m than closer to the seagrass bed (Table 4) . In contrast, gastropod abundance tended to decrease with increasing distance (Fig. ?B) . This combination of increasing abundance of crustaceans and decreasing abundance of gastropods increased the crustacean:gastropod ratio from 1.4:1 at 0 m to 8.5:l at 15 m (Fig. ?B) . Most individual crustacean species also reflected this pattern of increasing abundance with distance from the grassbed. Cymadusa compta, Cymodoce faxoni, Gitanopsis laguna and Grandidierella bonnieroides were all significantly more abundant far from the seagrass bed than close to it (Fig. ?C, Table 4 ). The hermit crab Pagurus maclaughlinae (usually in Modulus modulus shells) responded more like the gastropods and was the only one of the top 9 species of crustaceans that decreased with increasing distance (Table 4) .
Colonization patterns reflected motility abilities. Gastropods and hermit crabs, that crawl on the sediment surface, decreased in abundance with increasing distance (Fig. ?D) . In contrast, the goby Gobiosoma robusturn and crustaceans that can swim increased in abundance with increasing distance (Fig. ?C, Table 4 ). 
DISCUSSION
Seagrass communities are certainly not static. Artificial seagrass (ASG) clumps provided convenient, easily manipulated units for us to demonstrate that colonization by small seagrass-associated epifauna was extremely rapid. Although there were differences in relative abundance, the fauna that colonized ASG clumps was representative of that on natural seagrass and macroalgae. Other work with artificial seagrass by Moulton (1971 ), Macan & Kitching (19?2), Soszka (1975 , Barber et al. (1979) , Fitzhardinge (1983) and Bell et al. (1985) supports this conclusion.
Seagrass epiphytes not only provide the main source of food for most of the small motile epifauna studied here (Fry 1984 , Kitting et al. 1984 , but with heavy growth also increase habitat space and may increase refuge (M. 0. Hall, pers. comm. 1984) . Thus, one would expect a positive correlation between abundances of epiphytes and small epifauna. However, although abundance of epiphytes on ASG continually increased (Fig. 5) , animal abundance and species richness did not continue to increase, but instead peaked within 8 d (Fig. 3A) .
Initial colonization of ASG clumps was rapid, even though these clumps initially consisted of bare plastic blades; several species colonize within the first few hours (Virnstein, unpubl. data) . Development of a bacterial and diatom film can be extremely rapid, however (Cuba & Blake 1983) , and may provide an initial food source for early colonists. Although epiphytes may provide both increased refuge and food for colonists, we hypothesize that initial colonization is in response to the presence of physical structure, not to the presence of food. Later, successional stages might be governed more strongly by competition for resources within clumps or by predation, either from within or outside clumps.
Because community development exhibits non-random patterns, we infer that seagrass-associated epifauna represent structured communities rather than non-interactive assemblages. When densities peak and then level off, is this due to competition for resources (either intra-or inter-specific), or due to control by predators (either later-colonizing, e.g. Nelson 1979b, or widely-foraging) ? Are the initially high densities of some species simply due to microhabitat selectivity (e.g. Leber 1985) ? Testing of these alternative hypotheses will help determine the forces that structure seagrass-associated communities.
Even as far away as 15 m from seagrass beds, colonization of ASG clumps was surprisingly rapid. The combination of decreasing gastropod abundance and increasing crustacean abundance with increasing distance demonstrates that over distances of several meters, crustaceans are clearly the more prolific colonizers. The more motile crustaceans can not only actively swim into the water column, but also might be passively carried by tidal currents. Presumably at some distance, crustacean colonization would decline. Gunnil1 (1982) found that colonization by a gammarid amphipod and a harpacticoid copepod decreased sharply with distance from source; neither crustacean colonized algal clumps 30 m away.
To account for this puzzling pattern of increasing crustacean abundance with increasing distance from seagrass beds (Fig. ?B) , we suggest a 'nearest refuge' hypothesis. This assumes that, for whatever reasons, crustaceans leave seagrass beds and temporarily become dispersed over bare sand, where they are more vulnerable to predators (Robertson & Howard 1978 , Nelson 1979a , Coen et al. 1981 , Heck & Thoman 1981 , Stoner 1982 , Orth et al. 1984 , Leber 1985 and then seek refuge. Those individuals close to seagrass beds find refuge either in ASG clumps or in the adjacent seagrass. Far from seagrass, however, the nearest available refuge was that provided by ASG clumps. Thus, ASG clumps far from seagrass beds would be colonized more rapidly because such clumps would provide nearest refuge for a potentially greater number of individuals. It is not known whether, or at what distance, individuals perceive and seek the refuge, or merely randomly bump into it.
An alternative hypothesis is that predation intensity is greater near seagrass beds, in which potential predators are more abundant (Vimstein et al. 1983 , Summerson & Peterson 1984 , similar to the greater grazing pressure adjacent to coral reefs (Ogden et al. 1973) . Actual abundance of the dominant predator collected in ASG clumps in this study, the goby Gobiosorna robusturn, a known predator on amphipods (Kulczycki et al. 1981) , was instead significantly more abundant in ASG clumps at 15 m than near the seagrass bed (Table 4) . Foraging predators, however, such as pinfish and penaeid shrimp, were not sampled by this technique.
Implications
The ability to colonize habitats quickly and over distances of several meters questions the prevailing concept of a more static structure of seagrass-associated communities. Such rapid colonization suggests that any 'empty' habitat will be quickly colonized. If, for example, predators remove prey from a patch of seagrass, this defaunated patch could be recolonized within days. If differential abundance in seagrass patches is due to differences in predation intensity, as proposed by Stoner (1983) , Lewis (1984) and Orth et al. (1984) , how can these low-density patches be main-tained in the face of such rapid recolonization? Predation intensity must be severe enough and continuous enough to maintain such density differences. An alternative hypothesis is that animals preferentially select one habitat patch over the other.
Given such rapid colonization and high rate of turnover (Howard 1985) , one might easily misinterpret some observed spatial differences. For example, if a sample from one seagrass site has twice as many animals as a second seagrass sample from a few meters away and of apparent equal structural complexity, such a difference has generally been attributed either to some unperceived heterogeneity in the physical habitat (e.g. differences in seagrass biomass) or to differences in initial settlement (recruitment) of individuals (e.g. Hayward 1980 , Seed & O'Connor 1981 . Instead, we might interpret such a pattern as possibly (and temporarily) resulting either from recent habitat selection or from differential predation (e.g. Leber 1985) ; in a few days, the pattern could be reversed, with the second site having more individuals. In describing the structure of the motile epifauna associated with seagrass communities, one must be aware of this strong short-term temporal component, perhaps analogous to the 'contemporaneous disequilibrium' of plankton communities (Hutchinson 1961) .
The effect of distance or size scale of a disturbance would vary between taxonomic groups. For example, a large-scale disturbance would likely have a greater and longer-lasting effect on gastropods than on more motile crustaceans.
Several questions about causes and consequences of such motility patterns remain unanswered. Seagrasses provide habitat, food, and refuge from predators for associated fauna. Why leave such a haven? Some possible advantages of leaving include: (I) temporarily escaping from predators, (2) avoiding competitors, (3) searching for food after depleting that locally available, and (4) finding mates (Robertson & Howard 1978) . What is the increase in predation vulnerability upon leaving a seagrass bed? Compared to dense seagrass, bare sand offers seagrass-associated epifauna little protection from predators (Nelson 1979a , Coen et al. 1981 , Heck & Thoman 1981 , Stoner 1982 , Main 1983 , Orth et al. 1984 , Leber 1985 , and thus supports a different suite of species (Virnstein et al. 1983 ). How and from what distance do animals perceive ASG relative to natural seagrass? Many distributional patterns could possibly be explained by strong habitat preferences.
In summary, seagrass-associated motile epifauna quickly colonized patches of ASG within a few days and at distances of several meters. One major implication about the structure of seagrass-associated communities is that very strong pressures (e.g. intense predation and/or habitat selection) would be required to maintain patches of low density in the face of such rapid and extensive colonization.
